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INTRODUCTION
This paper deals with the problem of linear cyclic pursuit in a multi-vehicle system. Multi-vehicle systems are groups of autonomous mobile agents used in military surveillance, rescue missions, space and oceanic explorations, and other automated collaborative operations. Linear cyclic pursuit uses simple local interaction between these vehicles to obtain desired global behaviour.
Tho pursuit strategies are designed to mimic the behaviour of biological organisms like dogs, birds, ants or beetles. They are commonly referred to as the 'bugs' problem. Bruckstein et al. ( 11 modelled the behavior of ants, crickets and frogs with continuous and discrete pursuit laws and examin+ the possible evolution of global behaviour su'ch as the convergence to a point, collision, limit points or periodic motion. Convergence to a point in linear pursuit is the starting point to the analysis of achievable global formation among a group of autonomous mobile agents as discussed in [2],[3]. The paper [2] also deals with the evolution of the formation of these agents with respect to the possibility of collision, The stability aspect of both the linear and nonlinear pursuit has k e n studied in 141. 
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simulated result of the behavior of the system is shown and Section 5 concludes the paper.
EQUATION OF LINEAR PURSUIT
Linear pursuit is formulated considering the classical nbugs problem. Each bug is modelled as'an autonomous mobile agent. The agents are ordered from 1 to n, and the agent i pursues agent i + 1 modulo n.
The agents start from any arbitrary positions on a plane.
The position of the agents at time t > 0 is given by
The kinematic that agent i follows is whek U$ is the control input given by Thus, the velocity of the ith agent is proportional to the distance between the ith and the i 4-lth agent. The control variablt for the agent i is the gain k;.
A s&ial case of the above pursuit law is'considered in [41.
The gains of the agents are taken as ki = k, V i , where k is a constant. Here. the analysis of a more general case where ki's can have different values, is carried out.
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ANALYSIS FOR DIFFERENT CONTROLLER GAINS
The i i and y i coordinates of the iih agent evolve independently for all i, Therefore, they can be decoupled into two identical linear systems of equations as
The stable formation of the n-agents system can be analyzed through a single equation Therefore if there is a n x n square matrix A, then n circles can be drawn with centers at the diagonal elements of A, i.e., aii, i = 1,2,. . . , n and radius equal to the n o m of the sum of the other elements on the same row cjici JaijI.
Such circles are called Gershgorin's discs. All the eigenvalues of A lie in the region formed by the union of all these n discs.
Theorem 1. Consider n planar agents with kinematics given by (4). For all initial conditions and for ki > 0, V i , all the agents converges to a pint.
Proof. Gershgorin disc theorem is applied to (4). Figure 1 shows the Gershgorin's discs in the complex plane. Ilk1 l / k 2 ...
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Therefore, the matrix B (= PAP-') has the same eigenvalues as that of A from the properties of similarity transformation.
In the new coordinate system, X = PX. Hence, (4) now
Here, 2, = 0. Therefore, 5, does not change with time.
Let 6 , = a. Then the above equation can be re-written as -.
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Therefore, the dynamics of the system (8) depends on the (n -1) eigenvalues of C. Hence, the zero eigenvalue does not play any role in the dynakics of the system given by (7) and (8) and so also for system given by (4).
Thus; the linear system (4) is stable and for any initial condition, equilibrium will be reached in finite time. This implies that the n agents will finally meet at a point. 0
Theorem 2. Consider n planar agents with kinematics (4). The agents will converge to a point if one of the agent p has negative controller gain E < kp < 0 and all other agents have ki > 0, V i, i # p where is given by
Proof. Following the proof of Theorem 1, one eigenvalue of the linear system (4) will be at the origin. However, it will not effect the dynamic stability of the system. With one gain negative, the Gershgorin's disc is shown in Figure 2 . There is one disc on the right half side of the s-plane. However, so long any of the (n-1) roots of A do not lie in the n4ht hand side disc, the system is stable. It i s possible to find out the value of the gains till which the roots are all on the left half plane. Consider one agent say, pth, whose gain is decreased from positive to negative. At some negative value, the system will become unstable, that is. one of the eigenvalue will cross the imaginary axis. Since this root always has to remain within the Gershgorin's disc, it must pass through the origin to move from the left to the right si& of the plane, as can be seen from Figure 2 . Moreover, at the point the root reaches the origin, the system becomes unstable. This point gives the maximum negative gain that the system can have, maintaining its stability. Now, the point at which the root crosses.the origin is found from the characteristic equation of A. Expanding Assuming the gains of agents 2 to 5 to remain as given, we can compute the bound for Icl as -2.86 from (13).
Consider that the gain of agent 1 is kl = -1, while the other gains remain the same. The simulated trajectories are shown in Figure 4 . The agents converges at E = t17.5, -4.6IT
Assigning a lower value of. k l = -3, the trajectories of the agents are shown in Figure 5 . The agents do not converge to any point. They continue to move in a straight line.
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V. CONCLUSION
Pursuit strategies has recently been of much interest among researchers. In this paper, the convergence properties of linear cyclic pursuit is studied. Since the point of,convergence of ID.
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-6--10. to reach the target point starting from any arbitrary position by controlling the gains and using only local information. The task of designing control strategies,to achieve this objective is a part of future work in the direction.
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